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Abstract Objective: To understand information systems components important in supporting team-based

care of chronic illness through a literature search.

Design: Systematic search of literature from 1996-2005 for evaluations of information systems used in the care of

chronic illness.

Measurements: The relationship of design, quality, information systems components, setting, and other factors
with process, quality outcomes, and health care costs was evaluated.

Results: In all, 109 articles were reviewed involving 112 information system descriptions. Chronic diseases targeted
included diabetes (42.9% of reviewed articles), heart disease (36.6%), and mental illness (23.2%), among others. System
users were primarily physicians, nurses, and patients. Sixty-seven percent of reviewed experiments had positive
outcomes; 94% of uncontrolled, observational studies claimed positive results. Components closely correlated with
positive experimental results were connection to an electronic medical record, computerized prompts, population
management (including reports and feedback), specialized decision support, electronic scheduling, and personal health
records. Barriers identified included costs, data privacy and security concerns, and failure to consider workflow.

Conclusion: The majority of published studies revealed a positive impact of specific health information technology
components on chronic illness care. Implications for future research and system designs are discussed.
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Introduction

Over 100 million persons in the United States have one or
more chronic illnesses and more than 30 million are disabled
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from their illness." Costs for chronic illness care are approx-
imately 75% of total health care costs, and rising. Senior
patients are hardest hit, with 65% of Medicare recipients
having 2 or more chronic illnesses and accounting for 96% of
all Medicare expenditures.> Mental health care is especially
pertinent to discussions of chronic illness care, since mental
illnesses are growing in incidence (and yet still significantly
under-diagnosed) and represent large costs.> Despite heavy
expenditures, care for chronic illness is poor—treatments
known to be beneficial are provided about 50% of the time and
ineffective treatments may be given 20%-30% of the time.* ®

Improving care for chronically ill patients requires a longi-
tudinal, team-based approach. Models and change packages
exist for reorganizing care to improve collaboration and
quality of care, such as the Chronic Care Model® and two
Veterans Administration (VA) Quality Enhancement Re-
search Initiative (QUERI) projects, Enhancing Quality-of-
care in Psychosis (EQUIP)” and Translating Best Practices
for Depression Care into VA Care Solutions (TIDES).? Many
models specify the use of health information technology
(HIT) as a key component in managing populations and
complex communications.” As part of the Creating
HealtheVet Informatics Applications for Collaborative
Care (CHIACC) study, a VA project to design and evaluate
software that supports chronic illness care, we sought to
understand the specific information technology components
important for success.
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HIT can provide knowledge about guidelines and safety,
information about patient conditions, treatments and other
pertinent characteristics, and reminders to providers at the
point-of-care of important quality steps. While important,
these are not sufficient to ensure effective chronic illness
care. According to chronic care models, special information-
based tasks and processes are needed, including facilitating
population-based care, tracking measures of health over
time (such as depression scores), involving the care team,
including the patient, and giving feedback about progress.
Most systems fall short of providing the necessary support.
Little is known about how to create and successfully imple-
ment a comprehensive system which incorporates all these
components and will positively impact health care for
patients with complex chronic illness.

Previous systematic reviews of chronic disease management
and HIT provide insight but no clear answer. First, Hillestad
et al. highlighted the promise of systems, basing an estimate
of near and long term savings of over $150 billion on studies
of successful implementations of HIT.® In a broad review of
HIT, de Keiser and Ammenwerth reviewed studies for
content (983 studies)'® and outcomes (64 studies),'' and
found that 70% of process studies showed positive results
and half of the outcome or efficiency reports were positive.
Similarly, Chaudhry et al. reviewed information systems
components in 257 studies and found improved adherence
to protocols, reduced errors, and improved surveillance;
however, most of these papers were from the same institu-
tions and the generalizability was uncertain.'? Weingarten
et al, in a large meta-analysis of disease management
studies, showed positive effect sizes for process and effi-
ciency of provider reminders (0.52) and feedback (0.61) and
for outcomes of patient (0.27) and physician reminders
(0.22), although a large proportion of the studies showed no
effect.’®

Looking at individual system components, several studies
of computerized decision support systems measured pos-
itive effects on process (58%—68%). Fewer (13%) reported
positive outcomes for specific diseases.'*™'® Factors im-
portant for success in these studies were timeliness of
alerts, automatic generation of alerts, and integration into
workflow. Computerized patient education has shown
mixed results; one study showed very successful knowl-
edge transfer (21/22 articles)'® while another showed
little improvement.”® Reviews of other system compo-
nents (self-management, population-based care) did not
specify attributes of HIT that contributed to success or
failure. Thus, although HIT systems generally have high
potential benefits and some demonstrated effect, specific
components in chronic disease management associated
with success are unclear.

To better understand how to build information systems to
support collaborative, team-based, chronic illness care, we
performed a novel literature review. Our primary goal was
to understand which elements are necessary for software to
facilitate best practices and which bring the highest likeli-
hood of successful implementation in a broad network. The
literature review targeted functions of health care informa-
tion systems and improvements in processes and outcomes
attributable to HIT and it sought to understand lessons
learned from failures.

Search Strategy and Article Selection

Studies were identified by searching MEDLINE, PREMEDLINE,
Business Source Premier, ABI, and the Cochrane Library for
January 1, 1996-February 28, 2005 using search concepts
(with appropriate synonyms): 1) informatics/information
systems; 2) patient care management/collaborative care;
and 3) chronic illness. This strategy was supplemented by
articles identified as key in the reference sections of the
studies received and from experts in the field.

Abstracts from identified articles were each rated separately
by two reviewers into A (exact topic match), B (doubtful
match), and C (no match) categories. Agreement was high
(kappa=0.78, p<<0.01) and consensus was used to resolve
disagreements. All A articles were read and key information
was abstracted from them unless: 1) information systems
were not a major part of the study; 2) the study was wholly
theoretical; or 3) the article did not describe what was done
in enough detail to understand important components ac-
cording to two or more reviewers. Review articles were
analyzed separately. Only their general purpose and results
were abstracted for comparison with current efforts.

Abstraction Method and Template Development
The primary units of analysis were the components of the
system being studied, categorized using the eight Institute
of Medicine IOM) domains (Health Information and Data,
Decision Support, Results Management, Communication/
Connectivity, Population Health Management, Order Entry,
Patient Support, Administrative Processes).”’ When articles
compared two or more systems, each system was abstracted
individually. Multiple articles discussing the same system
were analyzed independently if the components under
study were different.

An abstraction template and a data dictionary were devel-
oped by consensus and iterative review of the team. The
abstraction template included study design, setting (clinic,
hospital, etc.), disease addressed, information system com-
ponents and quality of care components. Study quality was
evaluated based on study design, with experiments defined
as the highest quality. To be classified as an experiment, a
study had to have a control or comparison group, measure
outcomes, and make appropriate statistical analyses.”> Other
study designs included non-experiment observation, de-
scription, and case study.

Statistical Analyses

At least one reviewer of seven independently abstracted
each study. The first author abstracted all review articles and
independently re-reviewed 10% of all the articles as a
verification step. Key verification variables included the
study type, a summary variable for presence of each IOM
domain (8 total), presence of quality, accuracy, and usability
evaluations (3 total), and presence of cost-effectiveness anal-
ysis. A weighted kappa measurement was used to compare
these 13 key indicators of consistency.

Several limitations precluded formal meta-analysis. These
limitations included a paucity of randomized, controlled
trials (RCTs) among the articles reviewed, varying defini-
tions of positive outcomes, inconsistent outcomes measure-
ment, and lack of complete information system descriptions.
Therefore, article counting methods were used where appro-
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priate and a weighted sign test used to detect positivity of
each study’s results. Correlations were used to understand
single components most associated with improvements in
process and outcomes. Multivariable logistic regression was
used to predict a positive effect on quality of care scores
(outcomes) with information system components, study
designs, and setting/disease treated.

Results

Articles Selected

Of the 704 abstracts yielded by the search strategy (Figure 1),
158 were chosen as highly relevant (A) by two reviewers. In
all, 16 were reviews (considered for overlap with current
efforts only) and 33 did not meet minimum criteria, leaving
109 articles with 112 system descriptions. In fact, 81 systems
were named in the articles but 31 of them were presented in
more than one paper with descriptions of markedly different
aspects of the systems or implementations in different
settings; hence each of the 112 system descriptions is in-
cluded in this analysis.

Table 1 summarizes the 109 articles, their study designs,
user types, the diseases/conditions targeted, and the infor-
mation systems under consideration. In all, 50 (46%) were
experiments, 55 were observational (with evaluation) or
descriptive studies (without), and the remaining were case
studies. Agreement among reviewers about study type was
moderate (k=0.40-0.82; weighted k =0.63). Differences pre-
dominantly involved articles assessing accuracy and usabil-
ity (rather than assessing changes in quality of patient care)
and were resolved through consensus. All details of the 109
articles covering 112 systems, including references, are given
in Appendix 1, available at www .jamia.org as an on-line
data supplement.

Targeted Disorder

Diabetes was the disorder most frequently targeted (44%, 48
studies). Heart disease was next most frequent (38%, 41
studies). Depression was included in 17% (18 studies) and
schizophrenia in 7% (eight studies). About one third (34%)
addressed multiple disorders.

Settings and Users

The majority of studies (60%) covered systems implemented
in outpatient settings including 59% in primary care and
28% also in specialty care. (Informatics systems could be
implemented in more than one setting simultaneously.)
Forty-three percent studied hospital implementations and
42% studied multi-site systems. Seventeen percent looked at
informatics systems implemented within the VA. Physicians
were most frequently the intended users (39%). Nurses
(37%) and patients (17%) were also commonly identified as
end-users.

Components

The most commonly included IOM component of the
systems studied was Health Information and Data (Table 2).
All systems contained some health information and data;
73% included some linkage to a larger electronic medical
record and/or some attempt to systematically capture
outcomes data. The majority also included Decision Sup-
port (67%), usually computerized prompts (54%) and/or
access to guidelines (42%). Results Management (57%) and
Communication/Connectivity (52%) were also included in a
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IS = Information System

Figure 1. Article selection process.

majority of systems. The most common Results Management
features were the ability to generate patient summary sheets
and longitudinal displays of data. The most frequently
included subcomponents of Communication/Connectivity
were electronic messaging (28%), health information ex-
change (24%), and telemedicine/telemonitoring (13%).
Other components frequently reported were Population Man-
agement (46%), Order Entry (43%), Patient Support (32%), and
Administrative Processes (21%). Under Population Manage-
ment, subcomponents included disease management (19%),
audit/feedback (19%), disease registries (18%), population
reporting (17%), and public health reporting (5%).

Measures of Success

We examined results reported in 30 observational studies;
overall, non-experiments were found far more likely than
experiments to be associated with positive results (non-exper-
iments 94%; experiments 67%; Fisher’s exact p<<0.0001). Due to
this positivity bias, we limit remaining results reported here to
experimental studies.

Results of the 50 experimental studies were divided into
measures associated with technical aspects of the software,
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Table 1 » Scope of Articles Addressing
Comprehensive Care for Chronic Disease

N %

Article type 109 100%

Experiment 50 46%

Observational 18 17%

Descriptive 37 34%

Other 4 3.7%

*Review 16 15%
Systems described 81

Most frequent CPRS (6), DEMS/CVDEMS
(4), Health Buddy (4),

RMRS (2), CPOL (2),

BICS (2)
Systems with variations 112 100%
Diseases treated
Diabetes 48 43%
Heart Diseases 41 37%
Depression 18 16%
Schizophrenia 8 7.1%
Other 57 51%
Multiple diseases 37 33%
Setting
Outpatient 65 58%
Primary Care 64 57%
Specialty 30 27%
Hospital 47 42%
Multi-site system 46 41%
VA 19 17%
Users
Patient/caregiver 29 26%
Physician 52 46%
Nurse 40 36%

CPRS =Computerized Patient Record System; DEMS/CVDEMS =
(Cardiovascular) Diabetes Electronic Management System; RMRS =
Regenstrief Medical Record System; CPOL=Care Plan On Line;
BICS = Brigham and Women’s Integrated Computing System;
VA=Veteran’s Administration

*Excluded from total

process-of-care measures, and changes in clinical outcomes
attributable to implementation of HIT. Figure 2 displays
these measures using a count of positive, negative, and
neutral studies.

Process of care: Guideline adherence (for example, screening
for target disorders, conducting lab tests on a recommended
schedule) was the most frequently evaluated process out-
come; it was assessed in 19 studies with 79% (15) positive
and 21% (4) neutral assessments. Change in visit frequency
(e.g., decrease in emergency visits) was assessed in ten
studies with 50% in the positive direction and 50% neutral.
Documentation (e.g., provider documentation of diagnostic
criteria for specified disorders) was assessed in six studies
with 83% (five) positive and 17% (one) neutral assessment.
Treatment adherence (primarily adherence to medications)
was assessed in three studies with 67% (two) positive and
33% (one) neutral assessment. Change in referral rate was
assessed in two studies; both had neutral results. Screening
and testing was assessed in two studies; both had positive
results. Eleven studies assessed cost (typically involving
some analysis of informatics system costs and savings to the
organization) with 91% (ten) positive and 9% (one) neutral
outcomes.

Clinical outcomes: Changes in laboratory values were as-
sessed in ten studies with 50% positive and 50% neutral
outcomes. Changes in scores on standardized instruments
were assessed in ten studies with 30% positive, 60% neutral
and 10% negative outcomes. Number of hospitalizations was
assessed in seven studies with 43% (three) positive and 57%
(four) neutral outcomes. Quality of life was assessed four
times with 75% (three) positive and 25% (one) neutral
outcome. Disease complications were assessed in only two
studies with one positive and one neutral outcome.

Relationship between informatics system components and
outcomes: Figure 3 displays the relationship between system
components and improvement in study measures. One
subcomponent of Health Information and Data, the ability to
exchange data with an electronic medical record, was posi-
tively related to improvements in process outcomes (r=0.28,
p=0.05). Decision support was moderately helpful in the form
of computerized prompts (r=0.20, p=0.08), but were related
to failure when only electronic access to guidelines were
provided through the system (r=—0.37, p=0.02). Population
management in general (r=0.25, p=0.06) and especially fea-

Table 2 m Components in IOM Domains (Ranked by
Most Frequent) Used in Information Systems for
Chronic Disease Care and Correlation with Positive
Quality of Care Outcomes

3

= ?

> s g Correlation
> v = . re

5 =) o  with positive

3]
T %) Z outcome
p-

% Y% % r value

Health Information and Data 44% 29% 27%
Part of or connect to EMR 10% 28% 77% 0.28 0.05

Structured outcome measures 33% 67%
Decision Support 42% 25% 33%
Diagnosis 6% 94%
Access to guidelines 42% 58% —0.37 0.01
Computerized prompts 54% 46% 02  0.07
Results Management 28% 29% 43%
Communication/connectivity 20% 32% 48%
E-messaging 28% 72%
Telemedicine/monitoring 13% 87% 018 0.07
Health information exchange 24%  75%
Population management 28% 18% 54% 025 0.06
Disease management 19% 81%
Population reports 17% 83% 032 0.02
Public health reporting 5% 95%
Disease registries 18% 82%
Audit/feedback 19% 78% 031 0.02
Order Entry 29% 14% 57% 02  0.07
Specific components included 11% 21% 69% 041 0.02
Patient Support/Portals 19% 13% 68% 02  0.07
Computerized education 10% 90%
Patient Health Record 12% 88%
Patient data entry 24%  74%
Administrative Processes 4% 16% 79%
Electronic scheduling 13% 87%  0.19 0.08
Identifying patients for 2% 98%
research

Heavy use of a component was defined as presence of two or more
subcomponents; some use defined as inclusion of one subcomponent.
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Figure 2. Results of technological, process, and clinical outcomes measures in 50 experimental studies of information

technology used for care of chronic disease.

tures such as generating reports of traditional (disease state,
adherence) and non-traditional (unfinished care plan ele-
ments, telephone calls) measures (r=0.32, p=0.02) and au-
diting/providing feedback to providers (r=0.31, p=0.02)
were positively associated with process and outcomes im-
provement. Advanced, specialized Order Entry systems,
such as those including disease specific checks and corollary
orders templates, those facilitating ordering of care plan
elements like referral to a specialist or nurse care manager,
and those wherein team members other than the primary
care provider can create role-specific orders, were also
related to improvements in process outcomes (r=0.41,
p=0.02). Patient Support/Patient Portals were modestly asso-
ciated with success (r=0.20, p=0.10). Electronic scheduling
(an Administrative task) was associated with success (r=.19,
p=0.08).

Multivariate analysis: Due to the small number of experi-
mental studies, we could not create a comprehensive math-
ematical model of the relationship between informatics
components and clinical or care process outcomes. A mul-
tivariable logistic regression demonstrated strong concor-
dance with the above results, especially the combination of
advanced Order Entry features (for instance, information
about drug interactions) with Decision Support (like care plan
elements reminders) and key Population Management and
Administrative Processes features (such as follow-up of care
plan, scheduling, and referrals) (c=0.86; Hosmer-Lemeshow
p=0.28). Access to Population Management and Health Infor-
mation and Data features remained strongly identified with
positive results but insufficient variation existed to deter-

mine the strength of the association in the multivariate
models.

Sociotechnical Assessment: Thirty studies described some
usability assessment, using methodologies such as user
interviews, surveys, number of encounters with system,
etc. Of these studies, 80% (24) had mostly positive assess-
ments of informatics system usability; 13% (four) were
neutral and 7% (two) were negative. Most were not formal
usability studies, making comparisons difficult. Accuracy
was assessed in only four studies using methods such as
comparison of informatics-generated advice to expert-
clinician advice; all four studies found positive results. In
addition, fifty-one studies included qualitative descrip-
tions of implementation issues, usability suggestions, and
recommended content. Suggestions for success in imple-
menting HIT systems included involving end-users in the
development process, responsiveness to end-user feed-
back, and thorough training. Having a physician buy-in to
teach peers about the software was helpful. Barriers to
adoption of HIT systems included concerns about the
impact of HIT use on the clinical encounter, security
issues, and concerns about resources. Failure to consider
increased time to use the system (performance usability)
or alteration in workflow were also barriers. Barriers to
building informatics systems included resource-related
challenges, technological difficulties, security concerns,
and social barriers related to the availability of particular
technologies in some areas. Usability recommendations
ranged from concrete details of the user interface to more
global suggestions about workflow (designating one per-
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(Base = 112 system descriptions). n.s. = not significant.

son to handle all on-line messages, enabling real-time
data entry for synchronous decision support). Improve-
ments to decision support tools were the most frequently
requested content modifications; specifically requested
were support for medication and dosage decisions and
additional features to support adherence to guidelines.
Reported unintended outcomes were mostly positive and
included improved communication and more efficient
workflow.

Twenty-five studies contained discussions about positives
and negative aspects of their software systems (see Appen-
dix 2, available at www .jamia.org as an on-line data supple-
ment). These “lessons learned” can be grouped into themes
as follows: cost-benefit for providers and other staff; alerts
and reminders; usability; decision support; and other issues.
Cost-benefit issues included initial time for training,*® and
other start-up endeavors,®* staff anxiety about using the
software,” and integration into the facility workflow,*
among other concerns. Alerts and reminders raised some
concerns about the ability to ignore them®” and providers’
fears of being overwhelmed by too many messages.*®
Usability concerns included the need to make the system
easy to install,* learn,> and use.***' Decision support

was used infrequently in one study;* in another study,

real time data entry to improve recommendations was a
suggested enhancement.®® Additional suggestions in-
cluded adding videoconferencing®* and providing feed-
back to residents to support guideline adherence.*®

Discussion

These studies of information systems that address longitu-
dinal care for chronic illness generally had positive results
(67%). Descriptions of systems, while spare, did allow us to
identify core components related to success: connection to a
broad electronic health record (EHR) system; order entry,
especially when focused on the care team, specific to disease,
and allowing longitudinal care planning (such as specialist
or care manager referrals); and population-based reporting
and feedback (such as reporting back unfinished care plan
elements). Decision support in the form of computerized
prompts was found to be important but simply providing
guidelines, even as an electronic resource, was significantly
less likely than other technologies to bring success; this
concurs with the conclusion of other, broader reviews.'®

For information systems to be successful, an appropriate
non-IT system of care must be in place, and the use of
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specialized IT components must fit with systems of care.
Usability is essential to successful implementation of a
software system. However, in the literature reviewed, for-
mal usability assessment was rare. A handful of studies
contained comments or lessons learned about usability,
highlighting the importance of making things easier for the
user but not offering concrete information about optimal
usability evaluation methods.

As quality of care and patient safety concerns for patients
with chronic illness increase, so do the requirements for
accurate measurement and well-specified change hypothe-
ses. The most effective utilization of HIT for chronic disease
care has been unclear, especially when addressing important
but hard to track diseases such as schizophrenia and depres-
sion. The devil may indeed be in the details; creating and
using these components has been challenging for most
practices.®® Learning from previously implemented systems
supports efforts to leverage current knowledge into optimal
improvement.

This study has several limitations. First, a significant bias
was found in uncontrolled studies, where process and
clinical outcomes measures had 41% higher odds to be
positive than did experiments. The nature of informatics
experiments frequently makes RCTs difficult (e.g., blinding
is not possible, randomization can be technically challeng-
ing, and the unit of study is not clear in a complex,
team-based system). While observational studies with no
controls can be discounted, quasi-experimental designs of-
ten must provide measures of success.

Meta-analysis was not possible due to heterogeneity of the
articles. The quality of the studies varied, and there were
few RCTs; however, we did not find a positive bias when
comparing RCTs to controlled experiments (OR=1.01). De-
scriptions of the systems were poor; standardized reporting
methods for informatics systems do not yet exist and space
limitations may have added to this issue. However, it is
likely that core innovative components were mentioned in
the articles, while the authors omitted “usual” EHR compo-
nents. Finally, the different process and outcomes measures,
even within the same categories, make the definition of
success more difficult. Although strict standards were used,
the core differences in the measures may have led to failure
to detect improvement.

One particular bias noted by Chaudhry et al.—including
multiple articles reviewing a single institution’s HIT—was
not seen here.'? Although the VA CPRS had the most articles
(six) reviewing its function, the vast majority of these articles
came from different settings and reviewed different compo-
nents.

Future research should focus on a few key areas. First,
trends were detected in the less frequent studies on elec-
tronic scheduling, patient portals, and telemedicine, high-
lighting their potential importance. Next, the perceived lack
of use of otherwise successful components in standard EHR
implementations should be quantified and barriers for use
identified. For instance, others have found focusing on the
aspects of an information system related to quality care was
a risk for small practices due to the reimbursement system.>*
Third, both the recent review by Chaudhry and this one
identify the need for standardized reporting methods for
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both outcomes and information systems. Multiple frame-
works, such as the IOM information systems domains (used
here) and the HL7 Electronic Health Record System function
model should be adapted into core categories and specific
areas for reporting (akin to CONSORT or MOOSE).*”~*
Efforts around the certification of electronic health records
by Certification Commission for Healthcare Information
Technology (CCHIT) should speed the ability to assess
functionality as experiments are performed.*° Finally, this
framework can be used as innovators create systems of care,
as we plan to do with the CHIACC project, or simply used
as a checklist when considering adding HIT functionality to
programs to support care for chronic illness.

Conclusion

In our review of information systems to support care for
chronic illness, we found many were successfully imple-
mented. Studies assessed impact of informatics systems on
process of care variables including guideline adherence, visit
frequency, documentation, treatment adherence, referral
rate, appropriate screening/testing, and cost; studies re-
ported mostly positive and some neutral results. Several
specific subcomponents of informatics systems were associ-
ated with positive change in process outcomes. Only one
subcomponent (access to guidelines) was related to failure to
improve the target outcome.

Although few studies presented a formal usability assess-
ment, many included a discussion of the importance of
usability for system adoption and sustained use. Ease of use
and respect for providers’ time constraints are important
usability considerations.
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